Abstract-Dynamic processes in proteins and cell membranes, whose rates span the range 10' -10'' s.', can be tracked by means of time-resolved two-step photoselection, which entails irradiating the specimen by a plane-polarized flash and observing the absorption or emission of light polarized parallel and perpendicular to the exciting flash. The technique is illustrated by discussing the ns and ,us dynamics of proteins (soluble and membranous) and platelet lipid bilayers involved in haemostasis.
INTRODUCTION
Though time-resolved polarized luminiscence spectroscopy can be used to unravel a host of biophysical phenomena, this lecture will focus on a single topic: the elucidation of the orientational dynamics in proteins and cell membranes.
Since long polypeptide chains, made up from strong covalent bonds, are common to all proteins, the complex structure of the proteins and the large diversity of their chemical and physical properties should be due to differences in the amino acid side chains. Steric interactions between the side chains determine the secondary structure, while S-S and weaker H-bonds stabilize the three-dimensional architecture of the biomolecule. A well-defined overall structure does not however preclude internal motions of the amino acid side chains and of large chain segments (1) . To take a specific example, viz. isoleucine side chains in a u-helix of myoglobin (1) : while rotation about the first link of the chain was severely restricted, the rotational relaxation times around the second C-C bond were from 12 to 20 ps, and those of the terminal methyl group were in the range of 1-5 ps. Similarly, rates of rotational motion of tyrosine and phenylalanine in a relatively stiff protein (bovine pancreatic trypsin inhibitor) range from those typical of a fluid solution of the free amino acid (ps) to values in the ms range (2). These examples indicate the variability expected in the internal 1212 A. U. ACUNA sf a/. addition, the bilayer contains a large fraction (UP to 50% w/w) of glycosvlated proteins. The array of internal motions of these integral membrane proteins is similar to that described above for soluble enzymes. On the other hand, the overall motions of membrane polypeptides are severely constricted on account of their amphipatic structure, which makes rotational diffusion across the bilayer plane very unlikely. Therefore, the angular reorientations take the form of uniaxial rotation (around the normal to the bilayer) or librational motions.
This anisotropic rotational dynamics is observed usually (5-6) in the ps time range.
The lipidic component of the membrane might contain up to 200 different lipids, including sterols.
Popular depictions of the cell bilayer often overlook the fact that in many eucaryotic cells (as those of the higher organisms) one of the sterols (cholesterol) is present in a molar ratio as high as 1 : 1 !, Lipid molecules also display a highly anisotropic global rotation, due to the average equilibrium orientation of the lipids perpendicular to the bilayer plane. The rigid-body, cone-shaped angular fluctuations around that preferred orientation occur in the range of 1-lOns (7). Finally, the lipid acyl chains may show very complex internal conformational fluctuations (e.g. trans-gauche isomerizations) that, a t room temperature, appear in the ps-ns time-range.
Optical spectroscopic techniques owe their success in tackling so many dynamic phenomena in these specific biosystems to the diversity of photophysical processes that can be exploited for the task at hand; the optical methods provide an extremely flexible observation window, from ps to seconds in width, that can be moved along the time-axis so as to circumscribe the dynamic process of interest. This feature, together with the additional advantage of single quantum detection sensitivity makes polarized spectroscopy such a powerful tool. On the other hand, the most obvious disadvantages are those which bedevil any experimental method based on probe molecules and the lack of spectral resolution in dealing with heterogeneous emitting species.
PHOTOSELECTION AND ROTATIONAL DIFFUSION
The probability that a molecular electronic transition moment (a) will absorb a Z-polarized photon from a light pulse ( assumed to be of infinitesimal duration) is proportional to a2z, the square of the projection of a ( Fig.1 I on 
I,(r) -1Ar)
If the same transition moment is involved in the absorption and emission steps the emitted light would be strongly polarized; for a sample which is initially isotropic, 1,(0) = 31,(0). Since random excursions of the photoselected molecules would tend to equalize I,(t) and ll(t), accurate quantification of r(t) provides a convenient means for following the diverse dynamical phenomena mentioned i4bove.Since the pertinent instrumental techniques and the underlying theory have been described several times (see e.g. refs.7-11) it will be sufficient to recall here only the most useful 
In the absence of an orienting force (i.e. for free rotation), r , 9 r(t--) = 0, which is a statement of the fact that eventually isotropy is restored. But in an anisotropic system, the limiting value will (in general) be finite and determined by the equilibrium orientation of the photoselected molecules (which may or may not the same as that of ground state species); the asymptotic (or residual) anisotropy and the rate at wich r (0) approaches r. . are analogous, respectively, to the equilibrium constant and the relaxation constat of the reaction A r. B.
Field-free rotation
The overall free rotation of proteins in aqueous solution is approximated by the behaviour of a rigid 
Restricted rotation
Even if the sample is isotropic (on the bulk), but rotational motions are locally hindered -as in the fast oscillation of an amino acid side-chain, the wobbling of a lipid molecule or the overall reorientation of an integral membrane protein in a suspension of membrane fragments -the emission anisotropy of the reporting chromophore decays, for reasons explained above, from r(0) to a residual value, r,#O. The asymptotic value r.. would only be actually observed if the hindered motion occurs on a much shorter time scale than that pertaining to the overall tumbling of the supporting frame. The extraction of dynamic and structural molecular parameters from the experimentally recorded decay of r(t) requires now a much heavier mathematical armament than in the previous case of free rigid-body rotation. Nevertheless, in the study of fast (ps-ns) local motions in proteins and rotational dynamics of lipids in bilayers it is often assumed that the hindered depolarizing motions of a chromophore may be represented by free Brownian movement over a (radially symmetric) restricted part of the unit sphere, as in the "wobbling-in-cone" model (7). The monoexponential approximation to this model can be visualized as a three-component cyclic reaction scheme (10,141 : x r. Y * In natural lipid bilayers there are a few lipids that are luminescent. Unfortunately these are not so widespread as Trp in proteins and, in addition, they occur usually in very low concentration. This prevents the use of the intrinsic polarized emission in bilayer studies, unless it is artificially enriched in the emissive components.
Extrinsic probes
Using appropiate dyes as extrinsic protein probes allows, in principle, greater flexibility in choosing a particular photophysical process. Thus, fluorescent probes may be used to explore the full ns time range, and phosphorescent derivatives would reveal ps and ms dynamic phenomena. Note that the dye must possess, in addition to the chromophore, a reactive group capable of forming a covalent link with the protein. A large number of fluorescent dyes have been proposed as protein tags; nonetheless important gaps remain. The situation can be grasped more easily if we first recall the requisite photophysical properties for probing rotational dynamics. The quantum yield of emission and the intrinsic polarization should be high; the absorption and emission spectra should not overlap those of the protein; the location of the transition moment directions in the molecular frame should be known so that macroscopic observables can 'be related to molecular properties. These criteria are easily met by e.g. the in-plane n-n' transitions of rigid, multi-ring aromatics;
unfortunately, the water solubility of these compounds is too low. To overcome this difficulty, molecules with two or three rings, containing perhaps additional heteroatoms and polar groups, would be necessary. The concentrations, photoabsorption to a higher (allowed) singlet state would be required; to maximize r(O), the two electronic transition moments will have to be (almost) parallel. Simultaneous fulfilment of these conditions is a tall order indeed. In the p s range, optical polarization techniques are based largely on the room-temperature phosphorescence of extrinsic probes in fluid solution (5-61. Closely related methods, which combine the long lifetime of the triplet state with fluorescence detection, as E-type delayed emission (21 ) and polarized fluorescence depletion (6), may provide much higher sensitivity, affording ps-dynamic experiments to be carried out on individual cells (22) .
The xanthene dyes eosin and erythrosin, with reactive groups for conjugation to proteins, are the current favourites for time-resolved phosphorescence polarization and fluorescence depletion work. At roomtemperature the emission is in the 620-720 nm range, with lifetimes around 1 ms and r(0) values close to 0.2.
The spectral parameters of these dyes, both free and protein-bound, have been discussed in great detail (see eg. ref. 6 ). In general, the photophysics and photochemistry of both probes in aqueous solution are fairly complex. For the application of the polarized phosphorescence to biodynamic research there certainly is a dire need of better extrinsic triplet probes.
Extrinsic polarization probes for the study of the lipid bilayer are frequently rod-shaped dyes incorporated non-covalently into the lipid matrix. Alternatively, the dye may be covalently attached a t one of the acyl chains of a lipid molecule. In either case, the fluorophore will adopt an orientational distribution which mimics that of membrane components. This information is contained in r-, the limiting anisotropy of the probe.
In addition, the rate of relaxation of the two polarized intensities is indicative of the friction that hinders the angular motions of the probe (in its electronically excited state). Accurate quantification of those two pieces of information in a heterogeneous system, like a bio-membrane, is not simple. Nevertheless, the answer to 
